The latter study, however, excluded contrast-induced nephropathy, and included only a few placebo-controlled trials, in which fenoldopam doses varied, and thus was limited. A recent review of the current knowledge on prevention of AKI has concluded that the role of fenoldopam in preventing AKI warrants further exploration, because there is still a lack of controlled clinical studies evaluating its clinical efficacy, and its use for preventing AKI in human patients at risk for AKI remains controversial. 22 The efficacy of fenoldopam as preventive therapy for AKI in animals at high risk for AKI has not been evaluated in a controlled study, and evidence regarding its efficacy in animals with AKI is limited. In a retrospective study of dogs and cats with AKI, fenoldopam had no beneficial effects, but its effects on UP, GFR, and solute excretion were not evaluated. 23 Heatstroke in dogs results from exposure to a hot environment or strenuous physical exercise, leading to high body core temperature (>418C) and central nervous system dysfunction. 6 Regardless of the insult, heatstroke leads to severe systemic inflammatory response syndrome, multiple organ dysfunction, and often death. 6 Acute kidney injury is a common complication of heatstroke, in both dogs and humans, 6, [24] [25] [26] probably resulting from hemodynamic instability. 25, 27 Necropsy results of dogs sustaining fatal heatstroke and measurement of sensitive markers of kidney damage in dogs with heatstroke show that AKI invariably is present in affected animals, 28 and is a risk factor for death. 6 For these reasons, heatstroke is an excellent model for naturally occurring AKI in dogs, and can be used to test a variety of therapeutic and preventive interventions in AKI.
We hypothesized that fenoldopam would increase GFR, UP, and sodium fractional excretion (NaFE) in dogs with naturally occurring heatstroke. 
| Case selection
Dogs presented to the Emergency Service of the VTH and diagnosed with heatstroke were consecutively enrolled. Heatstroke was diagnosed based on a history of exposure to a hot environment, strenuous activity, or both, and presence of appropriate clinical signs, which had developed acutely only after the heat insult, including neurological dysfunction, collapse, and tachypnea. Dogs with coexisting medical conditions, and those that died or were euthanized within 4 hours of hospitalization, were excluded.
| Definitions
The diagnosis of AKI was made according to International Renal Interest Society (IRIS) guidelines. 29 Dogs that died or were euthanized because of grave prognosis, despite ongoing intensive therapy, were defined as nonsurvivors.
| Treatment protocol and monitoring
Dogs enrolled in the study were treated and managed according to a previously described protocol for heatstroke. 6 Upon admission, the urinary bladder was catheterized, and the catheter connected to a closed urinary system. Urine production was monitored and recorded q4h dur- Fenoldopam (study group) or saline (placebo group) was initiated 4
hours post-presentation (PP), after verifying that systolic arterial blood pressure (SAP) was >120 mm Hg. Fenoldopam and saline placebo were diluted in 100 mL of saline. Fenoldopam was administered IV at a CRI of 0.1 mg/kg/min, whereas the placebo group was given saline at identical dilution and rate.
Urine volume was measured gravimetrically q4h. Urine samples were obtained q4h and stored at 2808C pending analysis. Measurements included body weight, UP, serum, and urine chemistry, GFR (estimated by endogenous creatinine clearance) and urinary NaFE.
Arterial blood pressure (ABP) was measured using oscillometry (Cardell, Midmark, Tampa, FL) q4h. A previously described scoring system for heatstroke was used. 30 
| Urinary clearances
Urine and blood samples were collected to calculate NaFE and creatinine clearance at 4, 12, and 24 hours PP, to estimate GFR and NaFE, as previously described. [31] [32] [33] Briefly, 2 sequential 30-minute quantitative urine collections were performed each time, to assess GFR and NaFE. Blood was collected in plain tubes with gel separators when the first urine sample was collected, and when the second urine sample collection ended. The urinary bladder was emptied and irrigated 3 times with 10 mL of sterile water, at the start and end of each urine collection. The urinary bladder rinse volume, at the end of each urine collection period, was added to the urine volume collected. The urine volume of each urine collection was measured gravimetrically. Urine sample aliquots were stored at 2808C pending analysis. Blood samples were allowed to clot, centrifuged, and serum chemistry analysis (Cobas Integra 400 Plus, Roche, Mannheim, Germany; at 378C) was performed within 60 minutes from collection, including urea, creatinine (sCr), and sodium. The results for the two individual 30-minute clearances were averaged to provide an estimate of the renal clearance of solutes.
The renal clearance (C), and FE of solute (x) were calculated con- 
| Severity of heatstroke
The median rectal temperature at presentation to the VTH was 38.68C 
| Acute kidney injury
Kidney function parameters are presented in Table 1 dogs; 50%) was significantly (P 5 0.046) higher than in those in which overt AKI was absent (3/18; 17%).
| UP, GFR, and Na FE
Urine production was high in both the study and placebo groups ( Figure 1 ). Oliguria (<1 mL/kg/h), based on UP once fluid deficits had been corrected (ie, 4 hours PP), was documented in only 2 dogs (1 of each group). A significant UP change occurred over time in the fenoldopam group (P 5 .044), but not in the placebo group (P 5 .683; Figure 1 ), but no significant UP differences were identified between groups at any time point during the first 24 hours PP (Figure 1 ).
No change in GFR was documented during the first 24 hours PP in the fenoldopam group (P 5 .155), but a significant change was noted in the placebo group (P 5 .019), with no significant GFR group differences at any time point (Figure 1 ).
The NaFE was high in both groups at presentation (Figure 1 ).
There was no significant change NaFE over time, nor was there a difference, at any time point, between the treatment groups during first 24 hours PP ( Figure 1 ).
| D ISC USSION
We evaluated the effect of fenoldopam on sequential changes in GFR, Heatstroke often is complicated by AKI, which adversely affects mortality in dogs. 6 Although, based on IRIS criteria, only 55% of the dogs in our study had AKI, previous studies using biomarkers with higher sensitivity compared with sCr concentration (which is a functional marker) or by histopathology of renal tissue in fatal cases of heatstroke in dogs both suggest that AKI is invariably present in these animals. 25, 28 Fenoldopam, a DA-1 receptor agonist, induces vasodilatation of the peripheral arteries. It has been studied as a substitute for dopamine, which failed to show beneficial effects in managing AKI in human patients. 11, 13 In the renal proximal tubule, DA-1 receptor activation results in vasodilatation of the renal arteries, promoting natriuresis and diuresis, increasing renal blood flow, and therefore, fenoldopam is considered part of the management of AKI in human patients. [34] [35] [36] [37] Fenoldopam may increase UP by increasing both natriuresis and GFR. 38 In our study, UP was high at presentation ( Figure 1) , with no significant difference between the study and the placebo groups, suggesting that the effect of fenoldopam on UP was mild at best. This lack of apparent group difference might have resulted from relatively aggressive IV fluid therapy and the use of mannitol, which were administered early PP. Many dogs with AKI, and typically those with heatstroke, which invariably sustain kidney damage, 28 are not oliguric when initially presented, 3 a finding that appears to be associated with a better prognosis compared to oliguric AKI. 1, 9, 39 Therefore, the current treatment protocol in our hospital includes aggressive IV crystalloid therapy and mannitol to prevent oliguria or anuria, resulting in relatively Serum creatinine was measured at presentation and urine production, sodium fractional excretion, and GFR were measured 4 hours from presentation.
high UP. This high, albeit variable, UP among the dogs might have negated the differences between the fenoldopam and placebo groups.
The relatively low GFR documented here in dogs sustaining heatstroke further exemplifies the insensitivity of sCr as a kidney function marker, and further supports previous results, indicating that kidney injury is present dogs with heatstroke, even if not reflected by increased sCr at presentation. 28 Because dogs sustaining heatstroke usually are presented for veterinary care relatively promptly after the acute and severe clinical signs of this syndrome have begun, 6 sCr concentration at presentation does not reflect the severity of kidney injury, because a steady state has not been reached. Glomerular filtration rate in our study increased only mildly and insignificantly after fenoldopam administration, and no significant GFR differences were noted between treatment groups.
Information regarding the effect of fenoldopam on GFR in the veterinary literature is limited and inconsistent. In cats, GFR initially decreased, but had increased by 6 hours after initiation of fenoldopam therapy. 40 In healthy dogs, fenoldopam has led to a 0.78 mL/min/kg increase in the GFR, as measured by iohexol clearance, but the increase was inconsistent among the study dogs, with some showing only minimal to no GFR change. In humans, fenoldopam administered to healthy subjects at dosages ranging from 0.03 to 0.3 mg/kg/min led to significant GFR changes. 41 The inconsistency of the present and previous results might be related to differences between the species studied, the dosage used (0.1-0.8 mg/kg/min), 20, 38, 41 and the health status of the patients (ie, healthy animals versus those with AKI). Nonetheless, the currently used fenoldopam dosage did not increase GFR in a clinically relevant manner. gression of kidney injury cannot be assessed in these animals.
Fenoldopam, a dompaminergic agonist, may promote vasodilatation and hypotension. 42, 43 To prevent hypotension, fenoldopam administration was initiated 4 hours PP, after hydration status and hypovolemia had been corrected. Hypotension episodes after fenoldopam initiation were uncommon, and with aggressive IV fluid administration, it is quite safe at the currently administered dosage, in agreement with a previous pharmacokinetic study of fenoldopam in dogs, 34 and others, in which fenoldopam administration was uncommonly (7%) associated with hypotension in dogs. 23, 38 In a previous study, a scoring system for dogs sustaining heatstroke at presentation for care was developed. 30 Using that scoring system in our cohort showed that the median scores were similar in both treatment groups, suggesting that the 2 groups were comparable at presentation, but was significantly higher in the nonsurvivors. This scoring system originally was developed and tested on the same cohort, which was a limitation of that study. 30 The present cohort is relatively small for the independent validation of this scoring system. Nevertheless, the score was significantly higher in the nonsurvivors compared with the survivors, potentially supporting its validity, but this suggestion warrants further evaluation in larger cohorts.
Our study had several limitations. First, the limited cohort size might have rendered our study underpowered, and thereby prone to type-II error. For the occurrence of AKI documented in our study to become statistically significant, a substantially higher number of dogs should ideally have been included (assuming an alpha of 5% and power of 80%). Therefore, larger scale studies are warranted to evaluate the effect of fenoldopam on the occurrence of AKI in dogs at risk before concluding that fenoldopam does not decrease that risk. Second, 45%
of the dogs did not fulfill the IRIS criteria for AKI, limiting our conclusion as to the potential beneficial effect of fenoldopam, and therefore it should be tested in dogs with overt AKI. Third, the fenoldopam dosage used in our study was relatively low (although comparable to that used in previous studies in humans). When our study protocol was originally designed, veterinary information regarding the effect of fenoldopam on kidney function parameters was unavailable, and the dosage used here was based on the human medicial literature. Since then, fenoldopam has been evaluated in veterinary patients, using higher dosages (0.5-0.8 mg/kg/min). The relatively low fenoldopam dosage used in our study might have resulted in a lack of detectable beneficial effects of the drug. Additional studies using higher fenoldopam dosages in dogs are warranted.
In conclusion, administration of fenoldopam at a dosage of 0.1 lg/ kg/min IV by CRI in dogs with heatstroke was not associated with any observable adverse effects. However, it had no beneficial effects on UP, GFR, NaFE, or on the occurrence and severity of AKI.
